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57 ABSTRACT 
A "mark read' document is prepared with a pattern of 
boxes within which marks may selectively be entered, 
together with printed characters for instructions or 
other informational purposes. The characters and boxes 
both are formed on the sheet with printing material 
having an optical spectrum capable of detection by the 
optical sensing device to be used for scanning the docu 
ment. A template sheet then is prepared to present only 
the pattern of boxes as they appear on the original sheet, 
without any characters. This template sheet is passed 
through a computer-controlled optical scanner which 
examines the pattern of boxes and stores in the com 
puter memory numbers representing coordinates identi 
fying the location of each box. Later, completed 
(marked) sheets of the original type are passed through 
the optical scanner which produces and stores in the 
computer memory a set of rectilinear scan data in the 
form of binary bits representing pixels (picture ele 
ments) defining the entire image presentation on the 
sheet, i.e. the characters and the boxes. This scan data is 
analyzed in accordance with a program of the associ 
ated processing computer to locate each box. The 
stored data bits corresponding to the interior of each 
box are then examined to determine whether the box 
contains a mark. 

8 Claims, 3 Drawing Sheets 
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PREPARING MARK/READ DOCUMENTs wiTH 
MARKABLE BOXES AND LOCATING THE BOXES 

FROM THE DOCUMENT SCAN DATA 

This application is a continuation of Ser. No. 440,682, 
as filed on Nov. 13, 1989, now abandoned. 

BACKGROUND OF THE INVENTION 
1. Field of the Invention 
This invention relates to mark reading systems used 

in obtaining information from groups of people by hav 
ing the individuals (respondents) fill in pre-printed 
forms by placing marks in selected boxes on the forms 
which are then scanned and analyzed by optical mark 
reading (OMR) equipment. More particularly, this in 
vention relates to techniques for generating the pre 
printed forms more easily and economically than here 
tofore, and for automatically reading such forms more 
reliably than heretofore. 

2. Description of the Prior Art 
Pre-printed mark read documents have been used for 

many years, for example, in the form of answer sheets 
for multiple-choice tests for students. Conventionally, 
the completed answer sheets are processed by auto 
matic test scoring devices including optical mark read 
ing apparatus. 

Typically, the pre-printed forms carry alphanumeric 
characters together with associated boxes in selected 
ones of which the respondent will insert marks, to indi 
cate his response. A stack of completed forms can be 
processed rapidly by optical sensing equipment. A com 
puter associated with the scanner carries out a program 
to determine the responses selected by each person and 
to compile a summary or other analysis of the results. 
One of the problems with such mark read systems is 

that preparation of the pre-printed sheets is undesirably 
costly. Another problem with such systems is that too 
many sheets are rejected during automatic processing 
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due to failure of forms to meet specifications in spite of 40 
costly preparation. 

Present systems in use today ordinarily print the 
boxes in drop-out ink, i.e. ink that is (for the particular 
scanning beam wavelength) not reflectively (or trans 
missively) different from the background of the sheet, 
and that therefore will not be "seen” by the optical 
scanning beam. Reference may be made to U.S. Pat. 
No. 4,217,487 and Re 29,104 for further information on 
such drop-out inks. In such systems, the boxes are seen 
visually by the person filling out the form, but the opti 
cal scanning apparatus does not "see' the box and sim 
ply examines the region of the document where it is 
instructed to look for a mark. 
The regions to be examined for marks in such prior 

art systems are identified to the OMR equipment by 
external controls which may differ from system to sys 
tem. One common approach makes use of so-called 
timing marks which are pre-printed at intervals down 
one side edge of the document. See, for example, U.S. 
Pat. No. 3,900,961. Through the scanning of such tim 
ing marks, the scanner determines in accordance with 
pre-set instructions where to look for a possible mark 
inserted by a person filling out the form, and makes a 
record of each mark so found. 

It is known that certain difficult-to-control variables 
can cause unsatisfactory operation of such a system. For 
example, the drop-out ink printing on the document can 
be out of registration, causing the respondent and the 
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2 
optical mark reader (OMR) to be looking at two differ 
ent locations for (1) placement and (2) detection of a 
mark. That is, the OMR equipment will, in such case, 
examine a region different from that identified by the 
printed box. Errors can be so large in some instances as 
to completely miss the mark or pick up a mark from an 
adjacent box. Printing the documents to tighter toler 
ances can improve performance, but is still more costly. 

SUMMARY OF THE INVENTION 

In one preferred embodiment of the present inven 
tion, to be described hereinbelow in detail, mark read 
documents are prepared by placing printed characters 
on a sheet together with a pattern of boxes within which 
marks may selectively be entered by the respondent. 
The characters and boxes are both formed on the sheet 
with printing material of an optical spectrum detectable 
by optical sensing subsequently used for scanning the 
sheet for detection of marks. No drop-out ink need be 
used. 
The pattern of boxes developed on the sheet first is 

analyzed to determine and store in a computer memory 
respective numbers representing coordinates of the box 
locations. The sheet then is passed through an optical 
scanner controlled by the computer in such a way as to 
produce and store in memory a set of scan data repre 
senting the entire document. This scan data is in the 
form of binary bits representing pixels (picture ele 
ments) defining the complete visual presentation on the 
sheet, i.e. both the printed characters and the boxes. 
Further information regarding the development of such 
scan data may be found in U.S. Pat. Nos. 3,582,884 and 
4,760,246, both issued to the present inventor. 

This stored scan data then is analyzed in accordance 
with a program of the associated computer. In one part 
of this program, those portions of the stored scan data 
corresponding to the regions at and adjacent the previ 
ously-stored coordinates of the box locations are exam 
ined to verify the existence of each box and to deter 
mine its exact location. Thereafter, the stored data bits 
corresponding to the interior of each box are examined 
to determine whether the box contains a mark. 
The invention has two important advantages. First, 

the OMR apparatus decides where to look for marks 
using the same criterion used by the respondent in plac 
ing the mark. Second, if a box is not found or is found to 
be defective, errors will be detected which otherwise 
could be missed. 
Other objects, aspects and advantages of the inven 

tion will in part be pointed out in, and in part apparent 
from, the following detailed description of a preferred 
embodiment of the invention, considered together with 
the accompanying drawings. 
BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 presents an exemplary mark read document 
for carrying out the invention; 

FIG. 2 shows a template sheet derived from the docu 
ment of FIG. 1, presenting only the pattern of boxes; 
FIG.3 shows a small portion of another type of mark 

read document; and 
FIG. 4 is a diagrammatic showing of a generalized 

computer-controlled mark read system suitable for car 
rying out the invention. 
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DESCRIPTION OF A PREFERRED 
EMBODIMENT 

Referring first to FIG. 1, a document 10 is printed 
with alphanumeric characters such as shown at 12 (and 
elsewhere) to give the respondent suitable information 
regarding the document, such as an explanation of the 
category of data to be obtained from filling in the boxes 
14 making up the pattern of boxes. The characters 12 
and the boxes 14 may for example be printed with a 
laser printer, in known fashion. Thus, the characters 
and boxes, and marks placed in the boxes by any means 
such as pen or pencil, can be detected by any scanning 
beam with a spectrum in the human optical range as 
opposed to a beam of particular spectrum such as red, 
or worse, infra-red which is not in the human visible 
range and which therefore may see an image different 
from that seen by the respondent. 
FIG. 2 shows a template sheet 20 which is prepared 

from the document of FIG. 1 to present the pattern of 
boxes as they appear on the original document, without 
the other characters. This template sheet is passed 
through a computer-controlled optical mark reading 
apparatus such as illustrated in FIG. 4, and as described 
in more detail in the above-mentioned U.S. Pat. No. 
4,760,246. This apparatus is controlled by a computer 
program including a sequence which instructs the appa 
ratus to scan the template 20 and to determine and re 
cord the location of each of the boxes 14. That is, as the 
scanner 22 detects the printed material forming each 
box, the corresponding scan signal is sensed by the 
computer 24 which in turn generates a corresponding 
set of numbers (vertical and horizontal coordinates) 
identifying the place on the sheet where the box was 
detected. These coordinates may for example identify 
the location of the upper left-hand corner of each box. 
If the box sizes may vary, further coordinates can be 
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stored to provide information regarding the actual . 
boundaries of each box. 
Where there are boxes in a row, they are horizontally 

aligned. The first box encountered in scanning of the 
template sheet 20 is used as an initial reference. Vertical 
box coordinates preferably are determined as a differ 
ence dimension (or "delta") from the last box (or row of 
boxes) above each newly-found box (or row of boxes). 
Horizontal coordinate dimensions may be absolute, as 
measured from the left-hand edge of the machine scan 
ning field, although delta horizontal coordinates could 
be employed with some advantage. 
The coordinates of the boxes 14 can be determined in 

ways other than by forming a template sheet. For exam 
ple, the original document 10 can be scanned in its en 
tirety to develop a set of scan data to produce a corre 
sponding image presentation on a CRT associated with 
the computer. A cursor marker can then be manually 
positioned so as to overlay a selected element of each 
box. The coordinates of the positions of the cursor at 
each box can then be recorded in the computer memory 
to indicate where the boxes are. 

After determination and storing of all of the box 
coordinates, original document 10 is (after being 
marked) inserted into the scanner apparatus of FIG. 4 
and scanned as described in the above-mentioned U.S. 
Pat. No. 4,760,246, under control of a subsequent por 
tion of the computer program. In this program portion, 
the leading edge of the document is first detected by the 
scanner 22, and thereafter all of the data developed by 
the scanning beam is stored in the computer memory. 
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4 
Since detection of the leading edge of a document is not 
entirely reliable, a special control character such as the 
box 30 is printed near the top of the document, as the 
first item to be scanned after the leading edge. It is not 
necessary to use a box for this purpose, and any type of 
reliably positioned character can be used, such as an 
alphanumeric character. In any event, the computer 24 
analyzes the configuration of this first-encountered 
character, and if it meets specified requirements, the 
scanning and storing of scan data continues. 

In some cases the reading of the document 10 will 
require an OCR function, i.e. optical recognition of 
information characters on the document (such as the 
serial number shown at 32 on FIG. 1). In that case, some 
means must be provided for identifying the field where 
the characters are to be found. For example, the loca 
tion of the serial number 32 is identified on the template 
sheet 20 by a pair of horizontally aligned boxes 32A, 
32B giving the positions of the starting and ending char 
acters to be recognized optically. The computer pro 
gram is provided with instructions regarding where 
such OCR-identifying boxes will be found. 

In any event, the scanning carried out by the scanner 
22 effectively examines the printed material in a series 
of closely-spaced horizontal scan lines each extending 
side-to-side across the sheet, as described in U.S. Pat. 
No. 4,760,246. The scan lines may for example be 
spaced 0.0008" apart vertically. The scan data along 
each line is formulated as a series of binary bits indicat 
ing whether or not the corresponding spot on the docu 
ment contains a pixel (picture element). The spots repre 
sented by the binary bits have the same spacing as the 
scan lines (e.g. 0.0008"). Thus, a set of rectilinear scan 
data is developed. This data is stored in the computer 
memory so as to permit ready subsequent analysis as 
will be described. 

After all of the rectilinear scan data has been stored in 
the computer memory, it is analyzed in accordance with 
a further portion of the computer program. More spe 
cifically, the stored scan data is examined to look for 
fields specified by the box coordinate data obtained 
from scanning of the template document 20. The fields 
specified may be images for OCR or for transfer to a 
display storage, but the processing of such data is not a 
necessary part of the present invention and therefore 
will not be described herein. The principal field of inter 
est here is that of a box to be marked by a respondent. 
In that case, only a single set of box coordinates identi 
fies the location of each box to be examined. 

In accordance with the computer program, portions 
of the stored scan data corresponding to the projected 
location of each box (and the region immediately adja 
cent thereto) is searched for pixels. That is, the stored 
scan data is checked at (and adjacent) the locations 
identified by the stored box coordinates. When pixel 
bits are found in such examination, they are tested in 
accordance with specified logical rules to verify that 
they represent a box. For example, for rectangular 
boxes the logic may check whether there are a specified 
number of vertical pixels, a specified number of hori 
zontal pixels, and whether one end of the horizontal 
pixels is contiguous with one end of the vertical pixels. 
If no box is found within the region searched, an error 
signal is developed to indicate that the document must 
be separately examined to determine what went wrong. 
When a box has been detected, a fresh entry is made 

in the computer memory to identify its new-found exact 
location by vertical and horizontal coordinates. These 
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new location coordinates subsequently are used for 
determining the region of the scan data to be searched 
for the following row of boxes. That is, the previously 
stored delta dimension for the vertical distance from the 
already-found row to the next following row is applied 
to the newly-stored coordinates for determining the 
location of the portion of the set of data bits to be 
searched for pixels representing the next following row 
of boxes. 

However, before that sequence is initiated, the al 
ready-located box is analyzed to determine whether it 
contains a mark. For this purpose, the stored data bits 
corresponding to the interior of the box are examined to 
determine whether any are black pixels and, if so, 
whether such pixels are sufficient in number to repre 
sent a mark. If a mark is found, a corresponding entry is 
made in the computer memory, indicating the box num 
ber (counting from left to right, top to bottom) where 
the mark has been found. 

Important to the success of this new OMR process is 
the provision of adequate tolerances in the field 
searches to allow for paper shrinkage, printing location 
variance, document feeding skew and feeding motion 
irregularity. Various techniques can be used to achieve 
this result. For example, it can be done by storing the 
positions in which the search for a box is started five 
pixels away from where it is expected to be found. The 
coordinate base of each found box may then be read 
justed to the location actually found for the next search. 
Thus, tolerance problems are not cumulative if there 
has been paper shrinkage or expansion. 
Many mark read documents have quite small boxes to 

be marked, and the boxes can be quite close together. 
This is often true of student answer sheets, where there 
may be a large number of questions requiring response. 
A portion of such an answer sheet is illustrated in FIG. 
3, wherein each numbered row contains 5 boxes for 
selecting any of 5 possible answers to a corresponding 
question. With small boxes, the student typically will be 
requested to fill in the entire box, such as is shown at 40. 
Such a filled box, where the mark reaches out to the box 
boundaries, can be detected in accordance with the 
present invention, by examining the stored scan data as 
described above for pixels representing the boundaries 
of the box, and then examining the data bits represent 
ing any pixels within the boundaries. 
Although a specific preferred embodiment of the 

invention has been shown and described herein in detail, 
it is desired to emphasize that this has been for the pur 
pose of illustrating the invention, and should not be 
considered as necessarily limitative of the invention, it 
being understood that many modifications can be made 
by those skilled in the art while still practicing the in 
vention claimed herein. 
What is claimed is: 
1. A method of preparing and reading documents 

carrying written material together with at least one box 
having boundaries within which a mark may be entered 
by a person who processes the document for the pur 
pose of alternatively marking said box or leaving said 
box free of any mark, and wherein the reading of the 
document identifies whether said one box has been 
marked; said method comprising the steps of: 

forming the document by placing characters on a 
sheet together with said at least one box for receiv 
ing a mark; 
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6 
said characters and said box both being formed of 

material capable of detection by the same optical 
scanning means; 

determining horizontal and vertical coordinates iden 
tifying the location of said one box on the docu 
ment; 

storing said box coordinates in a computer memory; 
optically scanning said sheet after said processing 

thereof by said person who may as part of said 
processing mark said one box; 

said scanning step being carried out by said scanning 
means which detects both said characters and said 
one box; 

developing from said scanning step a rectilinear set of 
data bits representing the scanned image of the 
elements of said characters and said one box includ 
ing the interior region thereof; 

storing in a memory binary representations of said 
scanned image of said document in the form of said 
rectilinear set of data bits including pixel data bits 
representing elements of said characters and said 
one box; 

searching a portion of the set of data bits correspond 
ing to and adjacent the location identified by said 
stored coordinates identifying the location of said 
one box to detect the pixel bits representing bound 
aries of said box; 

examining said detected pixel bits to verify that they 
represent boundaries of a box, thereby locating said 
box; and 

examining the data bits representing the interior re 
gion within the boundaries of the located box to 
determine whether a mark is in the box. 

2. The method of claim 1, including the step of form 
ing a template sheet from said document; 

said template sheet having a box layout identical to 
that of said document with the characters of said 
document omitted; and 

scanning said template sheet to determine said hori 
zontal and vertical coordinates of said box for stor 
age in said memory. 

3. The method of claim 1, including the step of pres 
enting on an image display device a visual presentation 
of said characters and box; and 

determining said horizontal and vertical coordinates 
of said box by manipulating cursor means of said 
image display. 

4. The method of claim 1, wherein said document is 
prepared by means of a laser printer. 

5. The method of claim 1, wherein the search for said 
detected pixel bits representing boundaries of said box is 
initiated by starting the examination of the scan data bits 
at a location which is a pre-selected distance away from 
the location identified by the stored box coordinates, 
thereby to provide tolerance to allow for paper shrink 
age or expansion. 

6. The method of claim 1, wherein said document 
includes a plurality of boxes spaced apart vertically; 

the stored vertical coordinate of the lower box of a 
vertically adjacent pair of said spaced apart boxes 
being expressed as a difference dimension from the 
vertical coordinate of the upper box of said pair of 
boxes. 

7. A method of reading documents carrying at least 
one box formed of material responsive to incident radia 
tion with a spectrum in the human optical range and 
having boundaries within which a mark is entered by a 
person who marks the document, and wherein the read 
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ing of the document determines whether said box has 
been marked; said method comprising the steps of: 

determining horizontal and vertical coordinates iden 
tifying the location of said one box on the docu 
ment; 

storing said horizontal and vertical coordinates in a 
memory; 

optically scanning at least a portion of said document 
after the marking thereof, said portion including 
said one box; 

developing from said optical scanning step a rectilin 
ear set of data bits representing a scanned image 
including said one box; 

storing in a memory binary representations of said 
scanned image of said document in the form of said 
rectilinear set of data bits including pixel data bits 
representing the boundaries of said one box and 
further data bits representing the interior region 
within said boundaries; 
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8 
searching a portion of said set of data bits correspond 

ing to and adjacent said stored coordinates; 
detecting at least a part of said pixel data bits repre 

senting boundaries of said one box; 
examining said detected pixel data bits to verify that 

they represent a box, thereby to locate said box; 
and 

examining the data bits within the boundaries of said 
located box to determine whether they represent a 
mark in the box. 

8. The method of claim 7, wherein the document to 
be read also is formed with characters of material capa 
ble of detection by the same optical sensing means as 
said box and used in said optical scanning step as afore 
said; 

the scanning of said document serving to produce in 
said rectilinear data bits a further set of pixel bits 
representing said characters. 

sk 


